Most diploid species of section Arachis have the A genome while A. batizocoi is the only one known with a B genome (Smartt et al. 1978a, Stalker and Dalmacio 1981) . Although several species have been suggested as progenitors of A. hypogaea, according to Smartt and Stalker 1982 , the true ancestors have not been positively identified.
The objective of this investigation was to identify the morphology of A. hypogaea chromosomes to derive a standard karyotype for the cultivated species. Variability among varieties of A. hypogaea was then evaluated. The karyotypes of A. hypogaea and A. monticola were also compared to the chromosomes of diploid species of section Arachis to identify possible progenitors of the cultivated species.
Materials and methods
Nine cultivars of A. hypogaea (2n=40), including representatives of the four botanical varieties plus two collections of A. monticola (2n=40) were karyotyped (Table 1) . Both cultivars grown in the USA and unimproved genotypes from South Table 1 . Subspecific classification of A. hypogaea L. after Krapovickas (1969) and germplasm cytologically analyzed
America were analyzed to estimate variability within varieties. Root tips were collected from seedlings germinated in sand. Materials were pretreated 15 minutes in a saturated solution of paradichlorobenzene, hydrolyzed in 1 N HCl, stained in 2% aceto-orcein for 1 hour, squashed in an oil press at 211kg/cm2, dehydrated in an alcohol series after removal of cover slips, and permanently mounted with Per- The karyotypes of the 9 A. hypogaea cultivars varied more among than within varieties ( Fig. 3; Table 4 ). A principal component analysis (Fig. 3) illustrates the karyotypic relationships among cultivars and varieties. Varieties vulgaris, fastigiata, hirsuta, and hypogaea formed distinct groups. Intermediate to varieties vulagris and hypogaea was the variety hirsuta; and nambyquarae clustered with var. fastigiata even though it is a member of subsp. hypogaea.
The three var. vulgaris genotypes (Argentine, Spanhoma and PI 262000) had very similar karyotypes except for the chromosome with a secondary constriction. Argentine had a secondary constriction on chromosome 11 while PI 262000 and Spanhoma had the secondary constriction on chromosomes 6 and 7, respectively (Table 4) . Argentine also had the most distinctive heterochromatic regions among all the genotypes analyzed. Chromosome 2 had a distinct heterochromatic region on the long arm. Two darkly stained regions were observed on the long arm of chromosome 3. Chromosomes 5 and 15 had distinct heterochromatic regions prox imal to the centromere and chromosome 17 had one distinct region in the short arm and two in the long arm. Argentine had 14 median chromosomes and six slightly submedian chromosomes (2, 9, 11, 13, 17 and 19) . The centromere positions of PI 262000 and Spanhoma were very similar to those observed for Argentine, except that these two cultivars had a median chromosome number 11.
The karyotypes of the two vara fastigiata cultivars (Tennessee Red and NC Acc . 17090) were very similar (Fg. 3; Tables 3, 4) , and the only significant differences were for chromosomes 1, 2 and 3. The two cultivars were the only ones observed with a secondary constriction on one of the longer chromosomes. NC Acc . 17090 had a secondary constriction on chromosome 1, while it was on chromosome 3 of Tennessee Red. NC Acc. 17090 had 13 median, 6 slightly submedian (1, 5 , 6, 9, 11 and 17) and 1 submedian chromosome (19), while Tennessee Red had 12 median and 8 slightly submedian chromosomes (2, 3, 5, 6, 9, 11, 17 and 19) . The two subsp. hypogaea var. hypogaea cultivars, NC 4 and NC 6, had very similar karyotypes. Each cultivar had a secondary constriction on chromosome 6 and slightly submedian chromosomes 5, 6, 9, 11, 16, 17, 19 and 20 . NC 4 and NC 6 had 11 median and 9 slightly submedian chromosomes (Tables 2, 4). The karyo types of the two North Carolina cultivars were similar except chromosome 2 was median for NC 4, but slightly submedian for NC 6; and chromosome 3 was slightly submedian for NC 4 but median for NC 6. However, the standard errors of chromosomes 2 and 3 for NC 6 were relatively large (Table 2) , and the order for this cultivar could possibly be reversed. NC 4 had two distinct heterochromatic regions in the long arm of chromosome 13, but the darkly stained regions were absent inthe corresponding NC 6 chromosome. Distinct heterochromatic regions were also observed in the long arm of chromosome 5 for both NC 4 and NC 6.
The karyotype of nambyquarae significantly differed from other subsp. hypo gaea cultivars analyzed and karyologically grouped with var. fastigiata cultivars ( Fig. 3 ; Table 4 ). Two distinctive heterochromatic regions were observed on the long arm of both chromosomes 2 and 13. Eleven chromosomes were median, 7 were slightly submedian and chromosomes 2 and 19 were submedian: Absolute chromosome length measurements indicated that nambyquarae had a secondary constriction on chromosome 7. However, the standard deviation of chromosomes 6 and 7 were large (Table 2 ) and the order of the two chromosomes could possibly be reversed. The karyological groups of cultivars (Fig. 3) generally correspond to the varietal classification proposed by Krapovickas (1969) . Even though members of varieties vulgaris, fastigiata and hypogaea are cytologically unique, varieties vulgaris and hypogaea represent the karyological extreme groups while the other botanical vari eties are intermediate.
The karyological data agree with Gregory et al. (1973) The primary center for domestication of peanuts is probably southern Bolivia or northern Argentina Gregory 1976, Krapovickas 1969) . Members of subsp. hypogaea var. hypogaea are the predominant peanut type in this region and believed to be most closely related to the wild Arachis species because var. hypogaea usually has a runner habit, a similar branching pattern as other Arachis species and does not have compound spikes (Krapovickas 1969) . Although Husted (1936) proposed that A. hypogaea is of direct amphidiploid origin, Krapovickas and Rigoni (1957) and Smartt and Gregory (1967) (Gibbons et al. 1972) . While K 7264 has been in germplasm nurseries for many years, collection GKBSPSc 30062 was only grown in the greenhouse after introduction from South America . If A. monticola is the progenitor of the cultivated species and if var. hypogaea is the most closely related cultivated type, as previously suggested (Krapovickas and Rigoni 1957) , then similar karyotypes should be observed for the two groups . However, the conclusion drawn from the karyological analyses of A. monticola and A . hypogaea varieties is that A. monticola is most closely related to var . vulgaris. Thus, based strictly on the karyological data, the members of subsp . fastigiata var. vulgaris appear to be the ancestral A. hypogaea type .
Several diploid species of section Arachis have been suggested as possible pro genitors to A. hypogaea, including A. villosa Benth. (Varisai Muhammad 1973) , A. duranensis Krap. et Greg. nom. nud. (Seetharam et al. 1973 ), A. batizocoi Krap . et Greg. (Karpovickas et al. 1974 ), A. duranensis and A. cardenasii Krap . et Greg. nom. nud. (Gregory and Gregory 1976 ) and A. cardenasii and A. batizocoi (Smartt et al . 1978a , 1978b . When the karyotypes of above species as reported by Stalker and Dalmacio (1982) with a secondary constriction. Based on heterochromatic regions, centromere posi tions, and chromosome lengths, homologues were identified and ordered from 1= longest to 20=shortest. Although each genotype had a unique karyotype, patterns of variation were observed and all A. hypogaea varieties were cytologically disting uished. Varieties vulgaris and hypogaea were karyologically the extreme groups with other varieties being intermediate. The cultivar nambyquarae is grouped kary ologically with var. fastigiata even though it is a member of subspecies hypogaea. Arachis monticola was karyologically more similar to variety vaulgaris than other groups of A. hypogaea. This suggests that the variety vulgaris cultivars may be the most ancient A. hypogaea group. 
